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Results
The length-width, length-weight, and width-
weight relationships are summarized in Table 1.
All relationships were characterized by very high
correlation coefficients. No relationships between
length, width, and weight have previously been
reported for C. bairdi.
male's internal state. Calling rate has been man-
ipulated experimentally (Winn 1967, 1972; Fish
1972; Fish and Offutt 1972), but no one has studied
the calling rate of undisturbed individual fish.
This note is a preliminary attempt to look at these
twin problems (when and how fast toadfish call) by
recording the boatwhistles of individual males on
their nests.
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TABLE 1.-Length-width, length-weight, and width-weight re- .
lationships for mature male Chionocoetes bairdi.
[Sample size was 240 animals for each relationship.]
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Materials and Methods
Terra cotta drainage tiles were set out individu-
ally adjacent to the pilings of a dock at Solomons,
Md. Male toadfish which settled into three of the
tiles started calling, and the calls were moni-
tored between 9 and 15 June 1969. Because of
changing tapes and mechanical problems, the re-
cord was not continuous. The recording system
consisted of individual Clevite1 oyster (CH 15-J)
hydrophones with their own General Electric
Phono-Mic preamplifiers (UPX-003C) and a Preci-
sion Instrument Model 207 multichannel tape re-
corder. The gain was turned down so that only
boatwhistles from the fish in the tile adjacent to
the hydrophone would present a loud signal. The
tapes were transduced onto strip chart paper
(Bruel and Kjaer level recorder type 2305), and
segments equivalent to 6 min of real time were
continuously marked on the chart paper. The
number of boatwhistles in each segment was
counted.
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Results
TEMPORAL ASPECTS OF CALLING BEHAVIOR
IN THE OYSTER TOADFISH, OPSANUS TAU
The oyster toadfish, Opsanus tau (Linnaeus), pro-
duces two calls: an agonistic grunt and a boatwhis-
tle associated with courtship (Fish 1954; Tavolga
1958,1960; Gray and Winn 1961). The boatwhis-
tle is produced only by males on nests (Gray and
Winn 1961) and is endogenously driven as well as
influenced by calling of surrounding males (Winn
1964, 1967, 1972; Fish 1972). A toadfish, not hear-
ing other males, may still boatwhistle for long
periods and attract a female. Although toadfish
may be influenced to call by the calling of adjacent
males, one would assume the circadian patterning
of the boatwhistle to be influenced by photoperiod
and the fish's behavioral strategy relative to it.
Additionally, the rate of calling may be a key to a
The activity patterns for the three fish appear
aperiodic (Figure 1; Table 1). All of the animals
called both day and night (11 calling periods day, 9
night), and the total number of boatwhistles pro-
duced for day and night was similar (7,905 day,
6,202 night). Considering the data on a calls-per-
hour basis, since daylight hours exceed nighttime
in June, does not appreciably alter the results. The
fish averaged 41.3 boatwhistles/h during the day
and 46.1Jh at nightfrom recordings covering 191.5
h of daylight and 134.5 h of darkness. Not only
were crepuscular peaks absent, but dawn and
dusk appeared irrelevant as cues for calling be-
havior. There are similarities between certain
periods in the data, such as the nights of 14 and 15
June for channel 2, but these similarities are a
1 Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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FIGURE I.-Temporal record of boatwhistle production for each of three toadfish. A missing baseline indicates gaps in the record, and
the horizontal line below the baseline indicates the period of darkness.
rence of number of boatwhistles in the 6-min seg-
ments (Figure 2). Even though the distributions
for day and night were statistically different
(Kolmogorov-Smirnoff test), they were combined
in each of these histograms. Since these day-night
differences have already been mentioned and were
inconsistent between fish (Table 1), it seemed
reasonable to present differences between the fish
rather than differences between day and night.
Data from the three channels were combined to
show the calling rate from all boatwhistle,s re-
corded in this study (Figure 3). It is obvious that
toadfish remain quiet for long periods (Figure 1).
For Figures 2 and 3, all quiet periods of60 min or
longer were arbitrarily excluded. Still, zeros ac-
counted for close to 20% of all intervals measured
(Figure 3). From the cumulative percent curve
(Figure 3), it is striking how strongly the distribu-
tion is skewed toward the low end. Over 50% ofthe
intervals measured had",; 1 to 2 boatwhistles/min
(ca. 10 calls/6 min), and over 75% of the intervals
had ",;4 to 5 boatwhistles/min. Only 10% of the
intervals contained calls emitted at a rate of 6 or
more per minute. Finally less than 1% of the in-
tervals contained calls emitted at a rate of 10 to
12/min. Although an animal may have called for
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TABLE I.-Number of boatwhistles produced during 24-h
periods by three toadfish.
[L is light, D is dark, and dash indicates no data.]
Channel 2 Channel 4 Channel 5
L 0 L 0 L 0Dale
Total
Periods called
Tolal ollolal L
minor feature of the record. Each of the fish pro-
duced different numbers ofboatwhistles and exhi-
bited separate patterns of calling (Figures 1, 2;
Table 1) that were not obviously correlated with
each other. One fish (channel 4) boatwhistled
twice as much during the day as at night, while the
other two (channel 2 and 5, respectively) called 1.5
and 2.7 times more at night than during the day.
These ratios from Table 1 change to 2.24, 0.66, and
3.92, respectively when considered on a per-hour
basis.
In order to see how fast individual fish called, we
constructed histograms of the frequency of occur-
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FIGURE 3.-Histogram of frequency ofoccurrence (left axis) and
cumulative frequency of occurrence (right axis) of number of
boatwhistles in 6-min intervals combined for the three toadfish.
Silent periods of an hour or longer were excluded from the
analysis.
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FIGURE 2.-Histogram of frequency of occurrence (Le.,
"number" on Y-axis) of number of boatwhistles in 6-min inter-
vals (X-axis) for each of three toadfish. Silent periods of an hour
or longer were excluded from the analysis.
many hours (Figure 1), the number of calls fluc-
tuated markedly. High rates of calling were often
strongly peaked, i.e., not maintained for long
periods.
Discussion
The only obvious feature of the data from this
study (Figure 1; Table 1) is its lack ofpatterning or
predictability. Clearly, the recordings indicate no
diel cycle. While they do not rule out the possibil-
ity of maximal or minimal periods of sound pro-
duction for a toadfish population (Breder 1968), it
appears unlikely that individuals would be syn-
chronized to any great degree. It is difficult to
reconcile these results with the periodicity of the
in-air respiration data of Schwartz and Robinson
(1963) and the impressi()ns-ofTavolga (1960) and
Schwartz and Robinson (1963) that the toadfish is
basically nocturnal. Squirrelfishes are active at
night, when they are least vocal (Winn et al. 1964;
Salmon 1967; Bright 1972; Bright and Sartori
1972), and likewise toadfish might not have a clear
vocalization rhythm, while maintaining rhythms
for respiration or other functions.
The rate of calling by fish in this study was low,
and individuals lapsed into silence for long
periods. This result verifies our experience from
playback studies (Winn 1967, 1972; Fish 1972;
Fish and Offutt 1972); fish were often silent, forc-
ing us to sample many tiles to find a male calling
rapidly enough for use in an experiment. For this
reason preplayback calling rates, equivalent to
control calling rates, were biased upward. From 68
experiments, each with sample sizes ranging be-
tween 11 and 16, Winn's (1972) preplayback data
(recalculated) show a mean of 22.41 ± 4.3 (1 SD)
boatwhistles/3 min, or an average of7.5 calls/min.
In his initial playback experiments, Winn (1967)
increased the calling rate to an average of 11.46,
11.70, and 11.48 boatwhistles/min by playbacks of
18, 26, and 36 boatwhistles/min. Playbacks of 10
calls/min did not increase calling. Fish (1972)
found that with optimally spaced playbacks, he
could increase their rate to 14 to 16 sounds/min (1
call every 3.7 to 4.3 s). He called this pace the
maximum sustained calling rate. Fish's data com-
bined with Winn's indicate that when competing
with other males, the toadfish does not grade his
output uniformly, but follows more of a step func-
tion, i.e., his calling is either facilitated or not. In
one chance encounter Fish (1972) observed. a male
calling 25 times/min as a female approached his
shelter.
Our fish called considerably below their
capabilities. However, calling rates of 11 and
12/min would suggest that the males were sexu-
ally receptive. It will take more work to establish
what is normal for the toadfish and what abiotic
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and biological factors control motivation during
the season. An unspawned male and a once-
spawned male guarding eggs, might call at differ-
ent rates. Schwartz (1974) and Lowe (1975) have
indicated spawning peaks, which could be related
to calling motivation. Although calling decreases,
boatwhistles are still emitted after the assumed
mating season (Fine 1976) It is not possible to
accurately place the period of9-15 June 1969 in a
spawning peak or lull.
Density within a toadfish population will also
affect sound production since calling fish facilitate
each other. There could also be a tonic facilitation
(Schleidt 1973), so that fish hearing boatwhistles,
even if below the stimulatory rate, would be more
prone to call than would a solitary male. It is also
possible that some populations oftoadfish could be
limited by shelter availability for male nesting. At
the dock at Solomons, where these recordings were
made, shelter was provided primarily by our tiles
placed along the dock pilings. Since the area was
largely clear of rocks, tin cans, and boards which
might provide shelter, the density ofcalling fish in
the experimental area was not high, and we might
not expect a great deal of facilitation.
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